The root bark of Lycium chinense Miller (Solanaceae), also known as Lycii radicis cortex, is one of famous plant-originated drugs in Korean medicine owing to its anti-tussive, anti-asthmatic, and antipyretic properties. In this study, the effect of Lycii radicis cortex water extract (LRC; 10 -200 μg/mL) on inflammatory mediators from lipopolysaccharide (LPS)-activated RAW 264.7 mouse macrophages was inspected. After 24 h incubation with LRC, cell viability, nitric oxide (NO), and various cytokines from RAW 264.7 were measured. LRC increased the cell viability of RAW 264.7 at concentrations of up to 200 μg/mL. LRC significantly inhibited the production of NO, granulocyte colonystimulating factor (G-CSF), tumor necrosis factor-(TNF-), platelet derived growth factor-BB (PDGF-BB), interleukin (IL)-2, and IL-10 in LPS-activated RAW 264.7 (P < 0.05). As well, LRC diminished the production of granulocytemacrophage colony-stimulating factor (GM-CSF) and lipopolysaccharide-induced CXC chemokine (LIX). The current results suggest that LRC has immunomodulatory property to alleviate excessive immune reactions during the activation of macrophages by LPS.
INTRODUCTION
The root bark of Lycium chinense Miller (family Solanaceae), also known as Lycii radicis cortex, is one of famous plant-originated drugs in Korean medicine owing to its anti-tussive, anti-asthmatic, and antipyretic properties [1] . In the Korean medical classic Donguibogam, which was nominated as Memory of the World by UNESCO in 2009, Lycii radicis cortex is explained as an important drug for treatment of diabetes mellitus, pneumonia, and systemic inflammation. It is also known to be remarkably effective in eliminating physical and mental fatigue [2] . Recently, it has been reported that Lycii radicis cortex has hypocholesterolemic, antioxidative, and hypoglycemic effects [3, 4] .
Inflammation is necessary for immune reaction against various pathogenic invasions in human body. Maruotti et al. have reported that macrophages play a central role in the inflammatory response and serve as an essential interface between innate and adaptive immunity by modulating nitric oxide (NO), various cytokines like interleukin (IL) and tumor necrosis factor (TNF), prostaglandin E2 (PGE2), calcium, and hydrogen peroxide [5] . NO is a major component in the host innate immune reaction to various pathogens including bacteria, viruses, fungi, and other parasites [6] . Ilangumaran et al. have also reported that cytokines control the initiation, perpetuation, execution, and resolution of an immune response, which involves *Address correspondence to this author at the College of Korean Medicine, Gachon University, Seongnam 461-701, Republic of Korea; Tel: +82-31-750-8821; Fax: +82-31-750-8821; E-mail: hangl98@naver.com temporally and spatially orchestrated interactions between different immune cells [7] . However, excessive and uncontrolled production of inflammatory mediators may lead to not only autoimmune disorders but also to serious systemic complications such as microcirculatory dysfunction, tissue damage, and septic shock with a resulting high mortality [8, 9] . And Ramesh et al. have reported that the dysregulation of cytokines and chemokines (chemotactic cytokines) is a central feature in the development of neuroinflammation, neurodegeneration, and demyelination both in the central and peripheral nervous systems and in conditions of neuropathic pain [10] .
In the present study, the effects of Lycii radicis cortex water extract (LRC) on the production of NO, IL-2, IL-6, IL-10, TNF-, granulocyte colony-stimulating factor (G-CSF), inducible protein (IP)-10, leukemia inhibitory factor (LIF; IL-6 class cytokine), granulocyte macrophage colony-stimulating factor (GM-CSF), vascular endothelial growth factor (VEGF), interferon lipopolysaccharide-induced CXC chemokine (LIX), monocyte chemotactic protein (MCP)-1, macrophage inflammatory protein (MIP)-1 , MIP-1 , MIP-2, RANTES/CCL5, macrophage-colony stimulating factor (M-CSF), and platelet derived growth factor (PDGF-BB), and in lipopolysaccharide (LPS)-activated RAW 264.7 mouse macrophages
MATERIALS AND METHODS

Reagents
Dulbecco's Modified Eagle's Medium (DMEM) and other tissue culture reagents were purchased from Gibco BRL (Grand Island, NY, USA). LPS and all other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA) [11] [12] [13] [14] [15] .
Preparation of LRC
Lycii radicis cortex was obtained from Omniherb (Daegu, Korea). A voucher specimen (No. 2013-07-011) was deposited at Dept. of pathology, College of Korean Medicine, Gachon University. Because Lycii radicis cortex is traditionally extracted using water in Korean medicine, presently Lycii radicis cortex (50 g) was extracted with 2 L of boiling water for 2 h, filtered, and then lyophilized (yield: 8.67%). The powdered extract, LRC, was dissolved in saline and then filtered through a 0.22 m syringe filter [11] [12] [13] [14] [15] .
Cell Viability
RAW 264.7 mouse macrophages were obtained from the Korea Cell Line Bank (Seoul, Korea). Cell viability was assessed using a modified MTT assay [11] [12] [13] [14] [15] . To eliminate the possibility of media amount as a confounder, media for cell culture were equally added in each well of 96-well cell culture plates.
Quantification of NO Production
After 24 h incubation, NO concentration in the cultured medium was determined using a modified Griess reaction assay with a microplate reader (BioRad, Hercules, CA, USA) [11] [12] [13] [14] [15] .
Multiplex Bead-Based Cytokine Assay
After 24 h incubation, cytokines in cell culture supernatants were measured using a Luminex assay based on xMAP technology. This assay was performed with Millipore multiplex cytokine assay kits (Millipore, Billerica, MA, USA) and Bio-Plex 200 suspension array system (Bio-Rad) as described previously [11] [12] [13] [14] [15] . Standard curves for each cytokine were generated using the kit-supplied reference cytokine samples. The following cytokine productions were analyzed: IL-1 , IL-2, IL-6, IL-10, TNF-, G-CSF, GM-CSF, VEGF, IP-10, LIF, LIX, MCP-1, MIP-1 , MIP-1 , MIP-2, M-CSF, RANTES, and PDGF-BB.
Statistical Analysis
The statistical significance was examined by student's t-test using SPSS 11.0 software (SPSS, Chicago, IL, USA) [11] [12] [13] [14] [15] . In all cases, a P value < 0.05 was considered significant.
RESULTS
Effects of LRC on Cell Viability
Cell viability of RAW 264.7 mouse macrophages in the presence of LRC is shown in Figures 1 and 2 . Cytotoxicity of LRC (up to a concentration of 200 g/mL) was not obvious after 24 h incubation. With this result, LRC concentrations of up to 200 g/mL were chosen for subsequent experiments. 
Effects of LRC on LPS-Activated NO Production
The effects of LRC on NO production in LPSstimulated RAW 264.7 mouse macrophages are shown in Figure 3 . LRC significantly decreased NO production in LPS-activated RAW 264.7 mouse macrophages. In details, NO production of LPS-activated RAW 264.7 incubated with 10, 25, 50, 100, and 200 g/mL LRC for 24 h were 73.18 ± 10.19%, 73.4 ± 8.44%, 71.95 ± 5.17%, 72.83 ± 7.41%, and 74.23 ± 5.46%, respectively (P < 0.05) of the control (1 g/mL of LPS alone) value. Effects of LRC on NO production in LPS-activated RAW 264.7 mouse macrophages. NO production was measured by the Griess reaction assay. Normal group (Nor) was treated with medium only. Control group (Con) was treated with LPS (1 g/mL) alone. IN denotes indomethacin (0.5 M). Values are the mean ± SD of more than three independent experiments. * P < 0.05 vs. Con.
Effects of LRC on LPS-Activated Cytokine Production
The effects of LRC on cytokine production in LPSactivated RAW 264.7 are shown in Figure 4 . Specifically, RAW 264.7 were treated with various concentrations of LRC and LPS (1 g/mL) for 24 h. LRC significantly decreased the production of TNF-, IL-10, PDGF-BB, IL-2, and G-CSF in LPS-activated RAW 264.7 (P < 0.05). As well, LRC diminished the production of GM-CSF and LIX in LPS-activated RAW 264.7. LRC did not show any significant effect on production of IL-1 , IL-6, VEGF, IP-10, LIF, MCP-1, MIP-1 , MIP-1 , MIP-2, RANTES, and M-CSF (data not shown).
DISCUSSION
It has been reported that Lycii Radicis Cortex contains approximately 2-5 mg/g of betaine which is a derivative of choline and this is known to have a pharmacological action [2, 16] .
In the Korean medical classic Donguibogam, which was nominated as Memory of the World by UNESCO in 2009, Lycii radicis cortex is also explained as an ingredient in commonly-used herbal remedies for treatment of asthma, pneumonia, and diabetes mellitus.
Recently, Kim et al. have suggested that Lycium chinense, namely Lycii Radicis Cortex is a medicinal plant that is extensively consumed in Korea for the purpose of health improvement, and it is used in Korean medicine in its unpurified form as a tonic agent [2] . The experimental data have demonstrated that Lycii Radicis Cortex significantly decreases the immobility time in the forced swimming test (FST) and significantly increases both serotonin and norepinephrine levels in the hypothalamus of rats exposed to FST, indicating a possible antidepressantlike activity [2] .
Cho et al. have reported that hypoglycemic effect of Lycii Radicis Cortex is confirmed in alloxan-induced diabetic mice, and a decrease in blood cholesterol and triglyceride level is also observed [3, 4] . Additionally, Cho et al. have reported that Lycii Radicis Cortex inhibits skin damage caused by UV [3, 17] and hepatic damage caused by CCl 4 [18] .
In these days, herbal drug and plant medicine take interest of researchers more and more on account of their anti-inflammatory activity and the efficacy of the treatment for various inflammatory diseases [19] . But the effects of LRC on inflammatory mediators from LPS-activated macrophages had not been fully evaluated.
Cohen has reported that LPS, a kind of endotoxin, is a major component of the outer membrane of Gramnegative bacteria and one of the most potent microbial initiators of inflammation [20] . The current study investigated the immunomodulatory effects of LRC using LPS-activated RAW 264.7.
Centonze et al. have reported that a strong link between inflammation and neurodegeneration has recently emerged with evidence indicating that the two processes coexist from the very early stages of both classical neurodegenerative disorders and classical inflammatory diseases of the CNS [21] . Schultzberg et al. have reported that the activation of microglia and astrocytes with subsequent release of cytokines and other inflammatory factors such as NO and cytokines are common features of both acute and chronic neurodegenerative disorders [22] . Centonze et al. have also reported that Alzheimer's disease, Parkinson's disease and amyotrophic lateral sclerosis are among the best examples of neurodegenerative disorders associated with intense inflammation, whereas multiple sclerosis and HIV-associated dementia are inflammatory disorders that lead to diffuse neuronal damage [21] . Block et al. have also reported that cytokines, bioactive peptides produced through complement activation, and other soluble factors mediate the toxic effects of microglia-produced inflammatory milieu on neurons [23, 24] . Allan et al. have also reported that pro-inflammatory cytokines such as TNF-and IL-1 can cause blood-brain barrier breakdown, upregulate adhesion-molecule expression and induce vasogenic oedema, as well as trigger the release of toxic substances such as NO from the vascular endothelium [25] . In the current study, LRC inhibited LPS-activated production of NO and TNF-in RAW 264.7. These results suggest the potential of LRC in coping with neurodegenerative disorders such as Alzheimer's disease and multiple sclerosis.
PDGF may be associated with neovascular agerelated macular degeneration [26] . Dace et al. have also reported that IL-10, although traditionally considered an anti-inflammatory cytokine, has also been implicated in promoting abnormal angiogenesis in the eye and in the pathobiology of autoimmune diseases such as lupus and encephalomyelitis [27] . In this study, LRC significantly inhibited LPS-activated production of PDGF-BB and IL-10 in RAW 264.7. Thus, LRC might be one of medicinal plant material to treat various diseases concerned with angiogenesis.
The exaggerated allergic inflammatory disease with airway hyper-responsiveness like asthma can be accompanied by an increase in cytokines such as G-CSF and IL-2, which are responsible for neutrophil and monocyte recruitment [28, 29] . Because LRC significantly inhibited LPS-activated production of G-CSF and IL-2 in RAW 264.7, LRC may be useful in the modulation of various respiratory diseases concerned with airway inflammation.
As well, LRC diminished the production of GM-CSF and LIX in LPS-activated RAW 264.7.
CONCLUSION
According to the current experimental data, LRC increased the cell viability of RAW 264.7 at concentrations of up to 200 μg/mL. And LRC significantly inhibited the production of NO, TNF-, PDGF-BB, IL-10, G-CSF, and IL-2 in LPS-activated RAW 264.7 mouse macrophages. As well, LRC diminished the production of GM-CSF and LIX. Detailed studies are needed to evaluate the pharmacological usefulness of LRC.
